 The incidence seizures after unruptured intracranial aneurysm surgery was 5.8%  Dialysis and brain damage predict seizures after intracranial aneurysm surgery  The selective use of anticonvulsants may reduce the risk of postoperative seizures
Introduction
Postoperative seizures are a rare but established complication of intracranial aneurysm surgery. In particular, in the prophylactic repair of unruptured aneurysms, the decline in the functional quality of life due to epilepsy is a significant problem. The reported incidence, however, varies between 2.6% and 15.7%, reflecting differences in clinical practice among surgeons and institutions [1] [2] [3] [4] [5] [6] [7] [8] . Recently, several authors advocated the contraindication of prophylactic anticonvulsants because of the low incidence of seizures in modern microsurgical techniques without cortical resection [1, 6, 9] . On the other hand, the specific patient/lesion characteristics associated with postoperative epilepsy remain to be elucidated. The objective of this study was to identify the independent predictors of seizures after surgical repair of unruptured aneurysms with current surgical standards.
Patients and Methods

Study Population
The medical records of consecutive patients with unruptured aneurysms who underwent craniotomy and neck clipping in our institution between April 2008 and December 2013, with at least 3 years of follow-up, were retrospectively reviewed. The diagnosis of the aneurysm was based on 3-dimensional computed tomography (CT) angiography or digital subtraction angiography. The indication of surgery was based on the Japanese Guidelines for the Management of Stroke 2009 [10] . We obtained the following parameters from all patients: age, sex, clinical history of hypertension, diabetes mellitus, hyperlipidemia, dialysis, seizures, smoking status, and routine laboratory test including glutamic-oxaloacetic/pyruvic transaminases, blood urea nitrogen/creatinine, number, size, and location of the aneurysm, operating time,
craniotomy side, preoperative and postoperative neurological deficits, and postoperative hemorrhagic/ischemic complications. Patients with a previous history of subarachnoid hemorrhage or other hemorrhagic stroke and those who had undergone craniotomy were excluded from this study. Three months after surgery, outcomes were evaluated using the modified Rankin scale (mRS).
Patient Management
Preoperative and postoperative prophylactic use of anticonvulsant was not provided routinely in patients without a history of seizures, while the same prescribed regimen of anticonvulsants was continued for those who had been on medication for epilepsy. Diazepam was administered immediately to patients who developed postoperative seizures, and oral anticonvulsants were given subsequently. The diagnosis of seizure was obtained symptomatologically and an electroencephalogram was not routinely performed. Epilepsy was defined as at least two unprovoked or reflex seizures > 24 hours apart [11] . Brain CT scans were obtained immediately and one day after the operation, while magnetic resonance imaging/angiography (MRI/A) was performed 2-4 weeks later to evaluate surgical complications.
Statistical Analyses
Univariate analysis comparing variables among patients with and without postoperative early seizures was performed with the Fisher's exact test and the MannWhitney U test. Factors significantly associated with seizures were investigated with multivariate logistic regression analysis. P-values less than 0.05 were considered significant. All analyses were performed with the commercially available software SPSS (version 23; IBM Corp, Armonk, New York, USA).
Ethics committee approval
The requirement for informed consent was waived due to the retrospective nature of the study. The Institutional Review Board of Saitama Medical University
International Medical Center approved all aspects of this study (application number 13-183). Postoperatively, contusional, ischemic, hemorrhagic, and infectious surgical complication were detected by CT or MRI in 30 (7.3%), 29 (7.0%), 28 (6.8%), and 12 (2.9%) patients, respectively, and were symptomatic in 36 patients (8.7%). The median hospitalization was 13 days (interquartile range 11-17 days). All patients were followed in our clinic routinely. Three months after surgery good outcome (mRS 0-2) was obtained in 97.1% (397/409) of the patients, while 5 patients were lost to follow up.
Results
1 Demographics and characteristics
Overall
Clinical and demographic characteristics of the patients are summarized in Table 1 .
Incidence and severity of early postoperative seizures
The overall incidence of postoperative early seizures was 5.8% (24/414), including only one patient with a clinical history of epilepsy. Fifteen patients sustained one seizure, while 9 had two or more. The seizure type was partial in 11 patients and generalized in 13, including 3 patients who developed status epilepticus and needed
intensive care including sedation and respiratory support. The timing of the first postoperative seizure was within 6 hrs of surgery in 8 patients, 6-24 hrs in 3, 1-3 days in 4, and 4-14 days in 9 patients. All these patients subsequently received oral anticonvulsants, and the seizures were temporary in all cases. No patient developed intractable epilepsy, and anticonvulsants were successfully discontinued at the last follow up in 7 patients without recurrence.
Risk factors of postoperative early seizures
Univariate analysis revealed that dialysis, hypertension, postoperative infarction, hemorrhage, contusion, and hospitalization were significantly different between patients with or without postoperative seizures, while other factors showed no significant differences (Table 2 ). Among the significant factors, hospitalization was in some cases due to postoperative seizures. The patients that developed status epilepticus needed intensive care, including sedation and respiratory support, and thus required longer hospitalization for treatment and for rehabilitation to recover from disuse atrophy. Additionally, patients needing anticonvulsant medication required several days of additional hospitalization to check the side effects of those drugs. For these reasons, hospitalization as a risk factor was excluded from further analysis. Postoperative contusion, infarction and dialysis were found to be independent significant predictors of postoperative seizures by multivariate logistic regression analysis (Table 3 ).
Discussion
In the prophylactic repair for patients with unruptured aneurysms, the benefit of the treatment depends on weighing the risk of sustaining aneurysmal subarachnoid hemorrhage (SAH) from an untreated aneurysm against that of developing perioperative complications. In this context, postoperative seizure is a serious complication significantly decreasing the patient's quality of life after surgery.
In the past, only 8 studies reported the frequency of early seizures after clipping of unruptured aneurysms [1] [2] [3] [4] [5] [6] [7] [8] , the frequency of postoperative seizures ranging from 2.6 to 15.7%, and preoperative seizure history and surgical complications were reported to be risk factors for early seizure. The present study revealed that dialysis patients, postoperative cerebral contusion and infarction are risk factors for Importantly, all cases of seizures in our study turned out to be temporary, including the three patients that developed status epilepticus. This is in agreement with a study on stroke patients [24] , which reported that early seizures (within 2 weeks from stroke onset) were not associated with a high risk of developing epilepsy.
In a previous study of surgery for ruptured aneurysm, brain damage was found to be a risk factor for postoperative seizure, whether brain damage was caused by SAH or iatrogenically [25, 26] . In the case of unruptured aneurysms, this study demonstrates that iatrogenic brain lesions -cerebral contusions and infarctions -may also be significant risk factors for postoperative early seizure. In theory, given that an aneurysm neck is located in the subarachnoid space, microsurgical repair should be possible without significant brain damage, although it is difficult to avoid the potential risk of seizure in practice [8] . Surgeons must reflect on their surgical skills, gain an appropriate amount of experience, and pay special attention to the efforts needed to avoid or limit iatrogenic brain damage.
Recent studies do not recommend the routine use of antiepileptic drugs for the prevention of postoperative seizures after clipping [1, 6, 9] . In our institution, we do not use postoperative anticonvulsant prophylaxis for patients treated for unruptured cerebral aneurysms at present. However, in the future, we may be able to decrease the incidence of postoperative seizures by the use of anticonvulsant prophylaxis, limited to patients in dialysis and those who had brain damage during surgery.
Our study has several limitations. First, it is a single-center retrospective study, and the patients included might reflect some selection and referral biases inherent in a territory care practice at an academic medical center. Second, only 4 patients were under dialysis out of the 414 patients surgically treated for unruptured aneurysm repair in this study, although 3 of them developed a postoperative seizure. In the future, more dialysis patients will go through neck clipping, and we will be able to assess the association between dialysis and seizures on a larger sample size. Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. A C C E P T E D M A N U S C R I P T
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